Lessons from the field 6 specifically on teleelectrocardiography (i.e. the use of the internet to send electrocardiograms [EKGs] from remote areas to university hospitals for interpretation). The project proved feasible and financially sound [6] [7] [8] and satisfaction among physicians working in remote locations increased markedly. 9, 10 After 2007, the Telehealth Network of Minas Gerais began providing teleconsultations also. In other words, primary-care professionals began using the network's web site to address questions to university staff in areas such as medicine, nursing, dentistry, physiotherapy, nutrition, pharmacy, psychology and audiology. Primarycare professionals can thus perform their clinical activities with the support of a network of specialists on duty in the universities. The specialist who first answers the teleconsultation can seek the help of a subspecialist if s/he considers it necessary. This service is viewed as an ongoing educational tool, since every teleconsultation represents a learning experience. The network was progressively expanded and had reached 608 municipalities by August 2010.
The Telehealth Network relies on low-cost technical equipment easily accessible to poor villages: computers, printers, digital electrocardiographs, digital cameras (e.g. for photographing skin lesions), webcams and low-bandwidth internet. All teleconsultations take place among health-care professionals, since Brazil's Board of Physicians [Conselho Federal de Medicina] does not authorize teleconsultations between physicians and patients.
A methodology for implementing and maintaining the network was developed. Staff visited all cities in the network and regional meetings with municipal health-care practitioners were held periodically in the municipalities or university hospitals to discuss the benefits of telehealth, the barriers to its implementation (e.g. lack of political support, poor user acceptance, or health-care practitioners' lack of familiarity with teleconsultation and tele-electrocardiography) and ways to overcome them (e.g. community involvement, training of health-care practitioners in the use of teleconsultation and tele-electrocardiography, and adaptation of local work routines to accommodate use of the telehealth system). These meetings were also attended by the Telehealth Network's clinical staff, whose members gave lectures on topics chosen in accordance with the questions most frequently asked during teleconsultations. The meetings provided an opportunity for users and clinical staff to develop a comfortable relationship with one another.
To ensure the quality of decentralized clinical services, a quality control office was established and charged with implementing standard protocols, providing an auditing system and promoting clinical research. Auditing consisted of assessing agreement between different cardiologists' EKG readings. In January 2011, a sample of 905 EKGs was randomly and blindly selected, and every EKG was read by a second network cardiologist, also randomly selected. This cardiologist was not told that the EKG s/he was reading had already been interpreted. Subsequently, a senior cardiologist from Minas Gerais' teaching hospital [Hospital das Clínicas da Universidade Federal de Minas Gerais] with strong expertise in reading EKGs assessed agreement between the two previous examiners and his readings provided the "gold standard".
User satisfaction was constantly monitored by the system by means of the following questions, which were sent to users after they received the response to their teleconsultation: (1) "Did the teleconsultation avoid the patient's referral?" (2) "Did the teleconsultation answer your question?" (3) "What is your level of satisfaction with the teleconsultation system?" The first question explores activity efficiency, defined as the number of patient referrals avoided divided by the total number of telehealth activities. The second question gauges the response given by the specialist to the teleconsultations. The third question assesses users' general satisfaction with the system. From January to October 2011, 13 828 teleconsultations were performed and 1284 users responded to the survey.
Cost-effective analyses were conducted and the following economic indicators were developed: implementation cost per site, unitary activity cost (i.e. cost per activity) and patient referral cost (i.e. cost per referral). Implementation costs were broken down into travel and equipment. The unitary activity cost (C a ) was the total operational cost of the system divided by the number of activities. The patient referral cost (C r ) comprised fixed costs (infrastructural maintenance) and variable costs. Data on the first two indicators were collected from the network management system. Patient referral costs were investigated during visits conducted from August 2009 to August 2011at 86 municipalities within the Telehealth Network. Since telehealth cannot eliminate all referrals and since expenditure is affected, in turn, by activity efficiency (E a ), the savings to the health system (S) can be calculated as follows:
where N a is the number of activities. All costs were converted to United States dollars (US$) (at the August 2011 exchange rate of 1.80 Brazilian reais per US$).
Results
The Auditing showed a 9.4% rate of disagreement with respect to EKG abnormalities that were substantial enough to potentially alter case management. Discordant opinions were discussed between the clinical coordinator and the cardiologists to establish protocols based on standard guidelines for EKG analysis and a structured format for reporting.
The satisfaction survey showed that 80.8% of the teleconsultations had averted a referral (i.e. 80.8% activity efficiency), 97.3% of the surveyed users felt that the teleconsultation had replied to their question, and 97.1% were satisfied with the network.
The economic analysis showed that travel costs were reduced from an average of US$ 2240 per site in the programme's 82 original municipalities to US$ 305 per site in the 328 municipalities that joined the network in 2009-2010. Equipment costs remained approximately constant at US$ 2500 per site, on average, during all phases of network expansion. The average cost per patient referral was US$ 63.60 (US$ 23.42 fixed cost and US$ 40.18 variable cost), whereas the average telehealth activity cost amounted to US$ 6.03. For a total of 759 656 activities, an activity efficiency of 80.8% and a variable referral cost of US$ 40.18 per referral, the telehealth system generated a saving for the public health system of US$ 20 081 840 between June 2006 and October 2011. An investment of US$ 9 000 000 was required to obtain this benefit. Hence, the cost-benefit ratio was 2.24 to 1.
Discussion
In this paper we have described the development of a large, public, state-wide telehealth system that supports primary care professionals in remote regions of the Brazilian state of Minas Gerais as part of a government strategy to fulfil the constitutional premise of universal access to high-quality health care.
Combining assistance and in-service education with simple and inexpensive technology, the telehealth model has been shown to be effective, technically feasible and economically viable. To the best of our knowledge, this telehealth project is one of the most successful to have been described in the scientific literature until now.
The valuable lessons learnt in the course of conducting our study are listed in Box 1. In Box 2 we offer recommendations for implementing a successful telehealth programme based on our experience with the Telehealth Network of Minas Gerais, although some are contained in other guidelines. 15 Initially network implementation and maintenance were difficult; the Internet connection was poor at the beginning of the project and health-care practitioners had to be trained continually because of the high turnover in the workforce in remote municipalities. Furthermore, in the Brazilian public health system, telehealth activities are not reimbursable. Hence, the programme's funding is always dependent on specific health department budgets. A stable source of funding will be essential for the sustainability of the telehealth programme.
This report has limitations. Although we have demonstrated that primary care physicians look favourably upon the Telehealth Network, we did not evaluate whether the programme reduced the high turnover rate among these professionals. Moreover, we did • Telehealth requires a collaborative network of educational and research institutions, government, technology providers and funders to achieve its full potential.
• To be successful, a telehealth service must meet the real needs of local health professionals, use simple and low-cost technology and have some face-to-face components (e.g. personal visits to the municipalities, workshops and training sessions).
• Telehealth must use technology as a means for delivering health-care benefits; to be economically beneficial, it must be applied to address problems for which there is a high service demand.
Lessons
not evaluate the impact of the telehealth programme on the health status of the population and are therefore unable to say whether the programme has prolonged patients' lives or improved their health. 5 Both of these questions require future study. Telehealth is an innovative tool, but many aspects -technologies, processes and methodologies -have yet to be developed fully. To enable telehealth to reach its full potential, all new knowledge and technologies developed in educational contexts and research institutions must be shared with technology providers within a government strategy that embraces telehealth.
Conclusion
A telehealth programme developed to support primary care professionals in Minas Gerais, Brazil, has produced good results overall at relatively little cost. Initially conceived as a research project, it developed into a state-wide public health strategy covering hundreds of municipalities and thousands of patients. The project's simplicity and interoperability and the international standards adopted for implementing the fully-developed model should make for easy replication in other parts
Real needs
Telehealth activities must meet the real needs of all users (health managers and professionals as well as patients). [2] [3] [4] 11, 12 Because it is a new technology, telehealth faces the barrier of user resistance to a new work process. Telehealth users have a natural tendency to resist altering their work routine unless doing so clearly leads to improved solutions to frequently encountered problems.
13,14

Simple, low-cost technology
Technology is a tool intended to improve health care, but it is not telehealth's foremost objective. The technology used must be simple, inexpensive and appropriate for its users and the local infrastructure. 
Virtual and personal process
Although telehealth is essentially a virtual process, it has a human component. The establishment of a strong relationship between users and providers is one of the most important determinants of system acceptance and utilization. Users and providers should know each other personally, and it is important to promote different opportunities to hold face-to-face meetings (site visits, workshops, training sessions, etc.).
2
Economic viability
To be economically viable and compensate for high fixed costs, a telehealth programme must be used relatively frequently. Hence, telehealth is most beneficial in fields for which there is a high demand. The cost-benefit ratio also depends on the degree to which the telehealth service can avert other major costs, such as referrals to distant centres, specialized consultations and expensive tests. 7 Moreover, the choice of low-cost, commercially available equipment can reduce implementation costs.
Lessons from the field 
Résumé
Améliorer l'accès des patients aux soins de santé spécialisés: le réseau de télésanté du Minas Gerais, au Brésil Problème La population brésilienne manque d'un accès équitable aux soins de santé spécialisés et aux tests de diagnostic, surtout dans les communes reculées, où les professionnels de santé se sentent souvent isolés et où la rotation du personnel est élevée. La télésanté peut améliorer l'accès des patients aux soins de santé spécialisés, mais on sait peu de choses de son rapport coût-efficacité, de l'accès aux services ou de la satisfaction des utilisateurs. 
Резюме
Улучшение доступа пациентов к специализированному медицинскому обслуживанию: телемедицинская сеть штата Минас-Жерайс, Бразилия Проблема Население Бразилии испытывает недостаток гарантированного доступа к специализированному медицинскому обслуживанию и диагностическим тестам, особенно в удаленных муниципалитетах, где высока текучесть кадров, а медицинские работники чувствуют себя изолированными. Потенциалом для улучшения доступа пациентов к специализированному медицинскому обслуживанию обладает телемедицина, однако о ее экономической эффективности, доступности ее услуг и удовлетворенности ими пользователей известно немного. Подход В 2005 г. правительство штата Минас-Жерайс, Бразилия, профинансировало создание Телемедицинской сети, предназначенной для организации обмена информацией между университетскими клиниками и удаленными государственными муниципальными отделами здравоохранения, оказания поддержки специалистам в предоставлении дистанционной помощи, а так же для выполнения дис танционной электрокардиографии и проведения телеконсультаций. Сеть использует доступное оборудование и в ней были применены различные стратегии для преодоления барьеров в использовании телемедицины. Местные условия Телемедицинская сеть позволяет обмениваться информацией специалистам университетских клиник страны с работниками первичной медицинской помощи в 608 городах крупного штата Минас-Жерайс, многие из которых находятся в отдаленных районах. Осуществленные перемены С июня 2006 г. по октябрь 2011 г. С помощью сети было выполнено 782773 электрокардиограммы и проведено 30883 телеконсультации, 6000 медицинских работников прошли обучение по использованию сети. Большинство этих работников (97%) остались довольны системой, которая показала себя рентабельной, экономически жизнеспособной и предотвратила направление пациентов в удаленные медицинские центры в 81% требующих этого случаев. Выводы Чтобы успешно выполнять свои функции, телемедицинская служба должна быть частью объединенной сети, удовлетворять реальные потребности медицинских работников на местах, использовать простые технологии и иметь хотя бы несколько компонентов для личного общения. Применительно к заболеваниям, для которых широко востребована медицинская помощь, подобная служба может быть экономически жизнеспособной и способна помочь в улучшении доступа пациента к специализированному медицинскому обслуживанию.
Lessons from the field Telehealth Network of Minas Gerais, Brazil Maria Beatriz Alkmim et al.
Resumen
Mejora del acceso del paciente a la asistencia sanitaria especializada: la red de telesalud de Minas Gerais, Brasil
Situación La falta de igualdad en el acceso de la población brasileña a la asistencia sanitaria especializada y a las pruebas diagnósticas, en especial, en municipios remotos, en los que los profesionales sanitarios suelen sentirse aislados y la rotación de personal es alta. La telesalud tiene el potencial de mejorar el acceso de los pacientes a la asistencia sanitaria especializada, pero se dispone de poca información en cuanto a la eficacia en relación a los costes, al acceso a los servicios o a la satisfacción del usuario. Enfoque En el año 2005, el gobierno del estado de Minas Gerais, Brasil, financió el establecimiento de la Red de telesalud con la intención de conectar los hospitales universitarios con los departamentos sanitarios de municipios remotos del estado, así como para ayudar a los profesionales a que pudieran proporcionar asistencia y realizar electrocardiografías y consultas a distancia. La red utiliza equipos de bajo coste y ha empleado varias estrategias para superar las barreras del uso de la telesalud. Marco regional La red de telesalud conecta a los especialistas de los hospitales universitarios estatales con los profesionales de asistencia sanitaria primaria en 608 municipios del extenso estado de Minas Gerais, muchos de ellos en áreas remotas. Cambios importantes Desde junio de 2006 hasta octubre de 2011, se realizaron 782 773 electrocardiogramas y 30.883 consultas a distancia a través de la red y se formó a 6.000 profesionales sanitarios en su uso. La mayor parte de estos profesionales (97%) estaban satisfechos con el sistema, que ofrece una buena eficacia en relación a los costes, es económicamente viable y evitó el 81% de las referencias de casos potenciales a centros distantes. Lecciones aprendidas Para conseguir resultados, un servicio de telesalud debe formar parte de una red colaborativa, cubrir las necesidades reales de los profesionales sanitarios locales, utilizar tecnologías simples y tener al menos algunos componentes cara a cara. Si se aplica a los problemas sanitarios para los que existe una alta demanda de asistencia, este tipo de servicio puede ser económicamente viable y ayudar a mejorar el acceso del paciente a la asistencia sanitaria especializada.
